has increased; however, neither method has been formally included as part of International Federation of Gynecology and Obstetrics staging of cervical cancer. Sentinel node biopsy and positron emission tomography have emerged as competitors to magnetic resonance imaging and computed tomography. The accuracy of magnetic resonance imaging, computed tomography and positron emission tomography has been assessed previously in reviews, [4] [5] [6] but updates are required because recent studies have reported on their diagnostic accuracy 7 and on quality assessment in diagnostic reviews. 8 Given this background, we performed a systematic review of the literature to compare the accuracy of these 4 methods in determining lymph node status in patients with cervical cancer.
Methods
Using a prospective protocol based on widely recommended methods [9] [10] [11] [12] [13] we carried out a systematic review of the literature.
Literature search
We attempted to capture in our search all studies that reported the diagnostic accuracy of magnetic resonance imaging, computed tomography, positron emission tomography and sentinel node biopsy in the detection of lymphatic spread of cervical cancer. We did not search for studies on ultrasonography or pedal lymphoscintigraphy because it is generally accepted that these techniques are not suitable for assessing lymph node status in cervical cancer. To identify relevant studies, we searched MEDLINE , EMBASE (1980 EMBASE ( -2006 , the Cochrane Library ( Issue 2, 2006 and Medion . We combined National Library of Medicine medical subject headings, keywords and word variants for cervical cancer with terms for each of the 4 index tests and lymphadenopathy. We also manually searched the reference lists from primary articles and other reviews that we found on those databases to identify studies that may have been missed in electronic searching. In addition, we contacted experts in the field to obtain unpublished studies and conference abstracts, and we reviewed these in an attempt to identify grey literature. Details of the search strategy are provided in Appendix 1 (available online at www.cmaj.ca/cgi /content/full/178/7/855/DC2).
Study selection
Our study selection was a 2-stage process. First, from the electronic searches we retrieved the full-text articles of potentially relevant citations and evaluated them based on predefined selection criteria. We selected studies if they reported on the accuracy of the index tests compared with histological examination of the lymph nodes (reference standard) in women with a primary presentation of cervical cancer of any histological type or stage, and if their data could be used to create 2 × 2 tables. We excluded studies if they involved fewer than 10 participants. No language restrictions were applied. In cases of duplicate publication of manuscripts, we selected the most recent version. Of the studies that met our initial inclusion criteria, we made our final selection after examining the full-text article. Two of us (T.J.S. and T.L.A.) independently reviewed 10% of the manuscripts; one of us (T.J.S.) reviewed the rest of the studies. A third reviewer (K.S.K.) resolved any disagreements.
Data abstraction
We collected information on study characteristics, quality and accuracy results from each of the selected articles using a standardized data-collection form. The study characteristics that we extracted were the stage of disease, the index test, the reference standard methodology, and the setting and year of the study. We recorded accuracy data from the studies in 2 × 2 tables. For the purpose of analysis, when a manuscript reported the accuracy of more than one index test, we reported on the tests separately. We excluded nondiagnostic test results and failure to complete the test (e.g., inability to detect the sentinel node, inadequate histology) from the 2 × 2 tables; however, we recorded these occurrences and the results from the reference standard, if provided, in each case.
Quality assessment
We defined methodologic quality as the confidence that the study design, conduct and analysis minimized biases in the estimation of test accuracy. We used the existing QUADAS (quality assessment of diagnostic accuracy studies) criteria and the STARD (standards for reporting of diagnostic accuracy) criteria to generate the quality-assessment criteria for our evaluation of the studies in our review. 8, [14] [15] [16] For the study population, we considered consecutive or random recruitment of eligible women to be ideal; convenience sampling, such as arbitrary recruitment or nonconsecutive recruitment, was deemed inadequate. In addition, we considered prospective recruitment of patients to be potentially associated with a lesser degree of bias than retrospective recruitment. We considered the description of the population to be ideal if the study clarified the stage of disease and recorded the patients' body mass index, which can affect imaging techniques. We recorded the stage of disease as early (stage 1B1 or less advanced), or late (more advanced than stage 1B1) in accordance with International Federation of Gynecology and Obstetrics staging criteria.
We considered the reporting of the index test to be ideal if there was sufficient detail to allow other researchers to replicate the test. It was also important for the time interval between the index test and the reference standard to be described; we considered an interval of 4 weeks or less to be suitable. 16 For the reference standard itself, a description of the method of histological verification was important, and we deemed it preferable for the readers of the reference standard to be blinded to the index test results.
We examined partial and differential verification by comparing information in the articles on the number of women recruited into the study and the number of women for whom outcome data were known. We considered verification to be ideal if all women originally enrolled into the study without legitimate exclusions were included in the data analysis. We examined whether withdrawals from the study were explained and whether uninterpretable results were reported.
We evaluated the main strengths and weaknesses against the quality-assessment criteria for all studies included in our systematic review. We did not attempt to collapse our assessment of quality into a score because suggested methods for such an approach have been found to have poor validity, and the collapsed scores may obscure the strengths and weaknesses of a study rather than clarify them. We did, however, perform a meta-regression analysis (described in the next section), and we used our findings to categorize studies as high, medium or low quality. We felt that the qualityassessment criteria were essential for all primary studies, regardless of the type of index test used.
Data synthesis and statistical analysis
We computed the sensitivity, specificity and likelihood ratios for each index test. When 2 × 2 tables contained cells for which the value was 0, we added 0.5 to those cells to allow for the calculation of variances. 17 We examined a threshold effect by plotting sensitivity against reverse specificity in a receiveroperating-characteristic analysis and by calculating Spearman correlation coefficients. 13 We examined heterogeneity visually, using forest plots of sensitivity, specificity and likelihood ratios, and statistically, using the Cochran Q test. 17 We explored the reasons for heterogeneity using meta-regression and subgroup analyses, planned a priori in keeping with published recommendations.
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To explore the effect of study quality, we first used all the 2 × 2 tables to assess whether the quality-assessment criteria produced variation in the log of the diagnostic odds ratio. We performed univariable meta-regression analysis to select the quality-assessment criteria that had a statistically significant effect on diagnostic performance. We then performed a multivariable analysis to identify those criteria that had the most effect in our data set, which allowed us to categorize studies into high-, medium-or low-quality subgroups. Highquality studies met all of the quality-assessment criteria found to have a statistically significant effect in the multivariable analysis; medium-quality studies met at least one criterion; and low-quality studies did not meet any of the criteria. Assuming that high-quality studies provide the most valid assessment of test accuracy, we used high-quality studies as the reference category to determine whether medium-and lowquality studies had biased estimates of accuracy.
We investigated the heterogeneity resulting from population or test characteristics by exploring the effects of predefined variables.
19 For the population, we examined the effect of disease stage (early v. late or mixed) and the lymph node groups (pelvic v. para-aortic). For test characteristics, we considered the type of index test, the method of sentinel node identification, the surgical approach (open or laparoscopic) used for the sentinel node biopsy and the histological method used in the reference standard (immunohistochemistry, or hematoxylin and eosin staining). We initially performed univariable analysis and then progressed to multivariable analysis. To assess the effects of the type of index test, we used magnetic resonace imaging as the reference category, because, where available, it is the most frequently used index test to determine lymph node status in cervical cancer. We adjusted the models produced by multivariable analysis for the effect of study quality. To explore the potential effect of multiple counting of the same patients, we performed a sensitivity analysis in which we excluded duplicate data and compared results with those obtained from the whole data set.
We summarized sensitivity, specificity and likelihood ratios with 95% confidence intervals (CIs) for each index test separately. [20] [21] [22] We pooled individual results weighted in inverse proportion to variance using a random-effects model 12 in light of unexplained heterogeneity. We tested the robustness of these meta-analytical summaries with those generated using a bivariable method. 23 We used pooled likelihood ratios to determine post-test probability for positive and negative index test results. We CMAJ • March 25, 2008 • 178 (7) 8 85 57 7
Potentially relevant studies retrieved from electronic search n = 4230
Studies retrieved for more detailed evaluation n = 152
Excluded n = 4078
• Did not meet initial screening criteria (inappropriate study design, population, test, reference standard)
Excluded n = 80
• Review article or technique summary only n = 21 computed the range of uncertainty in estimations of posttest probability using the upper and lower bounds of the CIs of likelihood ratios for each test. We pooled the failure rates of sentinel node biopsy using a random-effects model, weighting each proportion by the inverse of its variance. We investigated the effects of the different techniques, (blue dye alone, and technetium 99m colloidal albumin with or without blue dye) on successful identification of the sentinel node. We explored the possibility of publication and related biases using funnel plots of log diagnostic odds ratio versus the inverse of variance.
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Results
Of the 4230 articles identified through the electronic database searches, we retrieved the full text of 152 articles for more detailed evaluation. A total of 72 studies (citations are included in Appendix 1, available online at www.cmaj.ca/cgi/content /full/178/7/855/DC2) involving 5042 women with cervical cancer met the selection criteria for the review (Figure 1 ). From the data in those studies, we created 95 2 × 2 tables, each evaluating 1 of 4 index tests. A proportion of the study participants (13.8%, 695/5042) were included more than once in 17 of the 2 × 2 tables. The studies had a number of methodological deficiencies. Appendices 2 and 3 (available online at www.cmaj.ca/cgi/content/full/178/7/855/DC2) summarize the salient features and quality of each of the studies.
Explanation of heterogeneity
We found that heterogeneity was apparent among the studies, but was statistically nonsignificant (Appendix 4, available online at www.cmaj.ca/cgi/content/full/178/7/855/DC2). Note: CI = confidence interval, OR = odds ratio. *Relative diagnostic odds ratio comparing the diagnostic odds ratios described in studies of magnetic resonance imaging (reference category) with those described in studies of another index test. A relative diagnostic odds ratio > 1 indicates an index test with greater diagnostic accuracy than the reference category. †Only study quality items that were found in the univariable analysis to be statistically significant are shown. ‡Study quality was calculated using the 3 quality-assessment criteria that were found in the multivariable analysis to be statistically significant. Studies that met all 3 criteria were considered to be high quality, those that met 1 criterion were considered to be medium quality, and those that did not meet the criteria were considered to be low quality. This quality grading was used in subsequent multivariable analysis. §For the purpose of analysis, for studies that did not state the reference standard type, we presumed that hematoxylin and eosin staining was used because it is the more common method. ¶Univariable analysis using dummy variables to set the reference category as medium and low study quality in each case. **Multivariable analysis including quality grade, index test type, reference standard type, stage of disease and lymph node type as explanatory variable. See details in methods section.
We explored whether the quality-assessment criteria had an effect on accuracy and found that 6 criteria (data collection, verification, adequate description of the index test, adequate description of the reference standard, reporting of study withdrawals, and time period between index test and reference standard < 4 weeks) had a significant influence in univariable analysis. Three criteria (adequate description of the index test, reporting of study withdrawals, and time period between index test and reference standard < 4 weeks) remained significant after multivariable analysis (Table 1) We used these 3 criteria to grade the quality of studies: 32 were high quality, 52 were medium quality and 11 were low quality. Results of our univariable analysis indicated that estimates of diagnostic accuracy, as measured by diagnostic odds ratios (OR), were more conservative in high-quality studies than in medium-quality studies (relative diagnostic OR 0.07, 95% CI 0.03-0.16) or low-quality studies (relative diagnostic OR 0.06, 95% CI 0.02-0.21). However, these differences were no longer significant in the multivariable analysis (Table 1 ). Univariable analysis showed that the type of index test and the reference standard could explain the heterogeneity, and that the other clinical variables we defined previously did not affect the accuracy of the test. However, the type of index test remained the only significant explanation for overall heterogeneity after adjustment for the effects of other predefined quality-assessment criteria (Table  1) . Given the low proportion of duplicated data, sensitivity analyses excluding these studies showed practically the same results (data not shown).
Diagnostic test characteristics
Individual and summary results for each of the 4 index tests are shown in Appendix 3 (available online at www.cmaj.ca /cgi/content/full/178/7/855/DC2) and Figure 2 . For each of the index tests, variation in sensitivity was much greater than variation in specificity, but there was no visual or statistical correlation between sensitivity and specificity ( Table 2) . We found that sentinel node biopsy was the most accurate index test in determining lymph node status, with a positive likelihood ratio of 40.8 (95% CI 24.6-67.6 and a negative likelihood ratio of 0.18 (95% CI 0.14-0.24) ( Table 2 ). The failure rate (and 95% CI) for the detection of the sentinel node was 10.9% (1.5%-27.4%). The failure rates (and 95% CIs) were 8.4% (3.3%-15.5%) for using blue dye alone and 4.4% (2.0%-7.7%) for use of a combined technique using blue dye and technetium 99m colloidal albumin. We did not find a difference in accuracy between these techniques or between open and laparoscopic surgery (Table 1) . When we adjusted for the effects of study quality we found that positron emission tomography and sentinel node biopsy were significantly better methods for determining lymph node status than were magnetic resonance imaging and computed tomography (Table 1) . In Table 3 , we show the post-test probabilities associated with the various index tests in ruling out lymph node metastasis in cervical cancer patients. Some heterogeneity remained among studies of each test, but this could not be explained by variables that we defined a priori. Subgroup analysis limiting the comparison of index tests to high-and medium-quality studies did not alter our conclusions. The bivariable analysis showed results and comparisons to be similar to those described above (Figure 2 ). Funnel plots (not shown) for all the index tests were symmetrical, showing an absence of publication bias.
Interpretation
Our review showed that sentinel node biopsy provided a more accurate assessment of lymph node metastasis in cervical cancer than noninvasive imaging tests. We observed that positron emission tomography was more accurate than magnetic resonance imaging or computed tomography, although the current summary of the accuracy of positron emission tomography may be imprecise owing to the relatively small number of studies evaluating the accuracy of that method.
Our review, which complied with the current criteria for diagnostic reviews, 7,13 provides a robust summary of the available evidence to date. We performed an extensive search for studies, used well-developed methods for quality assessment and investigated potential sources of heterogeneity with advanced statistical techniques planned a priori. The deficiencies in methodologic quality that we found in the studies in our review should help improve further research in this area. However, these deficiencies potentially threaten the validity of our findings. A potential limitation of our review was that the reviewers were not blinded to authors of the studies included in our analysis or to the journals in which the studies were published. However, one reviewer was not an expert in this field, which would limit bias due to author recognition. Another limitation of our approach may be that, in light of the unexplained heterogeneity in the results, meta-analysis should perhaps have been avoided. We believe that our inferences concerning the value of tests are robust because our multivariable analysis exploring reasons for heterogeneity (in accordance with the recommended guidelines 11, 12 ) showed that the differences in accuracy among studies could not be explained by the variation in study quality, stage of disease, or site of lymph node (pelvic or para-aortic). In addition, estimates of test accuracy that we observed in high-quality studies were consistent with overall results. Homogeneity is one of the desired prerequisites for meta-analysis, but it is not an absolute requirement. There is an onus on the reviewer to thoroughly investigate the potential causes of heterogeneity, which we did. In the presence of unexplained and unavoidable heterogeneity, a random-effects model provides the most useful estimate for informing practice. Triangulating different methods to explore heterogeneity, to pool results of the meta-analysis and to compare index tests supported our main findings.
Based on our findings, women with cervical cancer, particularly younger women who wish to preserve reproductive CMAJ • March 25, 2008 • 178(7) 8 86 60 0 potential, may judiciously be able to avoid radical surgery or chemoradiotherapy if sentinel node biopsy is first used to determine the most appropriate treatment option. On the odds ratio scale, sentinel node biopsy was 20 times more accurate than magnetic resonance imaging, whereas positron emission tomography was 4 times more accurate. In breast cancer, sentinel node biopsy is now recommended for routine use in selected groups, and long-term survival data for patients with negative sentinel node biopsy results have shown no adverse outcomes. 26, 27 Similarly, sentinel node biopsy is offered to patients with early melanoma, 28 and has shown potential in vulva cancer.
29
Armed with our findings on post-test probabilities (Table 3 ), patients and clinicians will be in a better position to individualize treatment. A number of remaining issues need to be examined before translation into clinical practice can be considered. In this review we have calculated an average failure rate of 4.4% to detect the sentinel node. However, this does not take into account whether a sentinel node was detected bilaterally. Because the cervix is a central organ, we expect its drainage would be bilateral and that sentinel nodes, therefore, would be detected bilaterally. Appendix 2 (available online at www .cmaj.ca/cgi/content/full/178/7/855/DC2) clearly shows that not all authors of the studies we reviewed detected sentinel nodes bilaterally, or even reported if this was the case. The failure rate for node detection would increase greatly when taking this into consideration. There are concerns that sentinel node biopsy is more invasive than the other index tests. Although it is less invasive than laparoscopic and open surgery while still providing the same level of diagnostic accuracy, sentinel node biopsy still requires a general anesthetic, unlike magnetic resonance imaging, computed tomography and positron emmisson tomography. On a more positive note, none of the studies reviewed reported any serious side effects from sentinel node biopsy.
Magnetic resonance imaging and computed tomography are widely available, but we found these methods to be inferior to positron emission tomography, which brings into question their role in current practice. Technological improvements in magnetic resonance imaging, such as the introduction of phase array coils, do not appear to improve the diagnostic accuracy of this method. 30 Positron emission tomography is a relatively new technique with limited availability. Its diagnostic accuracy may improve with alterations in the techniques used -especially in patient hydration and bladder irrigation, without which the tracer can accumulate in the renal tract, giving false-positive results. Positron emission tomography does not rely on the size of the lymph node to determine its status, which allows it to detect metastasis much earlier. However, the method is subject to false results; for example, false-negative results may occur because of tumour necrosis altering the metabolism and tracer uptake, and false-positive results may occur because of inflammation and the increased metabolism associated with macrophage activity. 31 With improvement in technique and accessibility, positron emission tomography could provide a noninvasive accurate test.
32
Accurate assessment of lymph node status in the staging of cervical cancer is important to direct treatment and reduce morbidity. Our review suggests that the imaging methods currently used to detect lymph node status may be inaccurate, that positron emission tomography may have a potential role and that sentinel node biopsy may be a minimally invasive, accurate assessment of lymph node status. Further research is needed to assess the practicality of using these techniques and the effect of implementing such tests on patient outcomes and health service costs. In addition, well-designed trials are required to assess the long-term survival of patients for whom treatment was directed following sentinel node biopsy or any of the other diagnostic tests.
